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(1) General methods
All chemicals were reagent grade, and used without further purification. All reactions were performed under a nitrogen atmosphere. Racemic mixture, P-isomer, and M-isomer of 1 were synthesized according to literature procedure. Chromatography was performed using SiO 2 -60N
(0.063-0.212 mm; Kanto). A recycling preparative HPLC was performed using a JAI LC-908 equipped with JAIGEL-1H and -2H columns (GPC) using CHCl 3 as an eluent. A preparative chiral resolution was performed using a JAI LC-9201 equipped with a DAICEL CHIRALPAK IA columns using 1:4 hexane/CHCl 3 as an eluent. Melting points were determined using a Yanaco melting point apparatus and are uncorrected. The 1 H, 13 C, and 31 P NMR spectra were recorded by Bruker AVANCE400 (400 MHz) spectrometer. Deuterated solvents were purchased from Cambridge
Isotope Laboratories or Aldrich and used as received. In the NMR measurements, tetramethylsilane was used as the internal standard (0 ppm) for 1 H and 13 C NMR and phosphorous acid was used as the external standard (0 ppm) for 31 P NMR. MALDI-TOF mass spectra were recorded by an AB Sciex TOF/TOF5800. UV-vis absorption spectra were recorded by JASCO Ubest V-660. Circular To a toluene solution (3 mL) of (rac)-1 (20.1 mg, 32.4 µmol) was added Lawesson's reagent (11.2 mg, 27.7 µmol) and then the mixture was refluxed for 12 hours. The reaction mixture was separated by silica-gel column chromatography to give colorless powder of (rac)-2 (20.3 mg, 31.9 µmol, 98%).
Enantiopure (M)-2 and (P)-2 were prepared from (M)-1 and (P)-1 in 86% and 93% yield, respectively. 
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To a toluene solution (5 mL) of (rac)-2 (16.0 mg, 25.1 µmol) was added hexamethylphosphorus triamide (10 µL, 55 µmol) and then the mixture was refluxed for 24 hours. The reaction mixture was separated by silica-gel column chromatography to give colorless powder of (rac)-3 (10.7 mg, 17.7 µmol, 70%). Enantiopure (M)-3 and (P)-3 were prepared from (M)-2 and (P)-2 in 88% and 97% yield, respectively. . ORTEP drawing of (rac)-2, top (left) and side (right) views; thermal ellipsoids set at 50% probability. One of the enantiomers is shown.
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Figure S13. ORTEP drawing of (M)-2, top (left) and side (right) views; thermal ellipsoids set at 50%
probability. Figure S12 . ORTEP drawing of (rac)-3, top (left) and side (right) views; thermal ellipsoids set at 50% probability. One of the enantiomers is shown.
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Figure S14. ORTEP drawing of (M)-3, top (left) and side (right) views; thermal ellipsoids set at 50%
probability. 
(7) Computational methods.
All computations were performed using the Gaussian09 packages 3 with the M06-2X functional. 4 The basis set 6-31G(d,p) was used for the geometry optimizations and NBO analysis, and timedependent calculations. a 2 × ∠C-P-Y (Y: the centroid of the plane consisting of the three terminal carbon atoms); b a height from the bottom to the P atom; c distance between the P atom and the center of the bottom plane; d an averaged distance between the P atom and the terminal carbon atom. 
